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SINE APPLICATION NOTES 


The use and application of a Sinusoidal Audio Generator are quite general and varied due to the Basic 
nature of the output. 


One of the more commonly encountered applications is the determination of amplifier frequency re- 
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It should be noted at this point that although the point-by-point sine response curve as portrayed in Fig. i 
provides an accurate panoramic view of amplifier response, such a characteristic does-not tell the com- 
plete story which will include the element of phase distortion. The technique of Square Wave testing, 
covered later in this manual, provides the required sensitive indication of phase relationships. 


The Sine Generator becomes a useful trouble-shooting too) when it is used to locate defective frequency 
selective circuits in medium and wide-band amplifiers. A low frequency check (applying generator to 


input and *scope to output) may indicate the output to be significantly greaver than the same identical 
check at for example 500 cps. 


In this case the Generator is being used to indicate the NATURE of the trouble. From then on the ex- 
perience and background of the technician will assist in locating the exact trouble spot itself. 


n some cases to determine the degree of phase shift in an am- 
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plifier ata Seaeae 
1. Set the sine output of the generator to the desired frequency. 


2. Set the LEVEL CONTROL to maximum position and apply the output directly to the Vertical 
PLATES of an Oscilloscope. 


roby connecting a 2000 chmis potentiometer across 


the ‘Output of the generator. Feed the voltage developed across the arm of the potentiometer 
and ground to Bie input of the amplifier under test. (Set the potentiometer for minimum volt- 
age consistent with a sizeable ‘scope pattern.) The output of the amplifier is fed directly to 
the HORIZONTAL Plates of the Oscilloscope. The resulting ‘scope waveform will display an 
elliptical form should phase distortion in the amplifier exist at the test frequency, The de- 
gree of phase shift is of course indicated by the shape of the elliptical pattern. (Top or bottom 


attarning o tf 
flattening of the elliptical shape indicates overloading produced by excessive input to the am 


plifier: set potentiometer at a lower level.) See Fig. 2, next page. 
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In-phase (gry 180° Phase shift - no In phase and Phase shift and 
out of phase) - no overload distortion overload distortion overload distortion 
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NOTE; The Vertical and Horizontal amplifiers of the scope are avoided in this example in order 
to eliminate whatever small degree of phase shift is inherent in their design. If, however, 
a PRECISION ES-500A, ES-520 or ES-550 is used, the operator may go thru the ‘scope 
amplifiers inasmuch as all "PRECISION" ‘scopes are compensated and corrected for 
Phase shift. 
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The Sine Audio Generator hecomes esnecially useful when it is app plied to th 
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pecially useful when it is asslis th 
in audio systems and the Louispesker 


Enclosure itself. 
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In most instances the commonly encountered "boomy" Bass response of commercial speaker-enclosure 
combinations can be transformed into smooth natural response which is characteristic of the well de- 
signed and adjusted audio system. 
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1, Connect the variable sine output of the E-310 in series with a 100 ohm resistor to the 
speaker voice coil. 


. a4 gh ip naa 


2. Connect an A. ©. Voltmeter or ‘scope across the speaker voice coil. 


3. Determine the two low frequency resonant peaks in the system by noting peak voltmeter 
readings. The frequency of these peaks will vary with the size of the speaker and cabinet 
but should occur in the region between 40 and 150 cycles. In a properly tuned system the 
two peaks should be rather broad and of approximately the game amplitude. If one of the 
peaks is greater than the other, try damping the port with additional layers of grille cloth. 


Other applications of the sine generator will suggest themselves to the technician and engineer in the 
course of test and design of electronic equipment. A few examples are use of the Generator to exter- 
pally modulate R.F. Benerstors over a wide reage of frequencies; to externally power Impedance 


Brid 1Gges at f frequencies other than those Standardly provided; Direct check of Loudspeaker operation, 


using matching transformers where required; check of record equalization positions on Preampli- 
fiers; source of potential for capacitance checks using capacitative divider and an AG VTVM; and 


other diversified applications. 
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The square wave output of the E-310 can be utilized to graphically display and reveal various types of 
distortions in electronic circuits, 

However before attempting to correlate circuit analysis witl Si arg wave shapes, it might be well to 
establish the "make-up" and significance of the Squar 
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A theoretically perfect Square Wave can be considered to be comprised of an infinite series of sine 
waves. This statement is an expression of "Fourier’s Theorem" which says that "ANY SINGLE- 
VALUED CONTINUOUS PERIODIC QUANTITY CAN BE EXPRESSED AS AN INFINITE SERIES OF SINE 
WAVES". More specifically, in the case of the Square Wave, the wave is made up ofa large number of 
ODD HARMONICS, Ist, 3rd, 5th. ...... ete., etc. 


Fig. 27 on Page 19illustrates the basic make-up of a Square Wave. All ODD-NUMBERED harmonics 
are shown in in-phase relationship, ie: each sine wave in the series begins its cycle at the beginning of 
the Square Wave cycle. To develop the Square Wave in Fig. 27, it is merely necessary to draw a num- 
ber of vertical lines thru the Square Wave and to add, Algebraically (observing polarity),the magnitudes 
of the sine waves along this vertical line. For the sake of simplicity, we will, of course, only consider 
the harmonic content up to the 9th harmonic in order that the sketches be made sufficiently illustrative. 
At "Al" for example, we have algebraically added the Fundamental, 3rd, 5th, 7th and 9th Harmonic with 
: the resultant summation at point B]. If we repeat this same algebraic summation of wave magnitudes 
along a large number of vertical "check" lines, we will obtain a RESULTANT wave shape which will of 
course turn out to be the Square Wave which we had started out to analyze, 


This graphical analysis over 1/2 cycle immediately reveals a striking SYMMETRY to the left and right 
of the "vertical axis" for all harmonics. All harmonic wave trains are seen to begin the 1/2 cycle at 
zero amplitude and to end the 1/2 cycle at zero amplitude with the proper symmetry to left and right of 
the Vertical axis to equally "build up" both corners of one half cycle of the resultant Square Wave. If 
Even-Numbered harmonic waveshapes (2nd, 4th, 6th, etc.) were introduced into the content of a Square 
Wave, obvious distortions of the Square Wave would be produced because of its non-symmetrical con- 
tributions of a 1/2 cycle of the Square Wave. 


If all sine components of the Square Wave are beginning the 1/2 cycle at zero amplitude, they are of 
course In-Phase. Ina well proportioned and shaped Square Wave we then have a whole series of Sine 
waves varying in frequency from low to very high, all in phase and all in a related amplitude. (The am- 
plitude of any particular harmonic is in inverse relationship to the order of the harmonic. In other words 
the 3rd harmonic content has an amplitude one third that of the fundamental component, etc.). 


Fourier's Theorem indicates the amplitude relation by the fraction preceding each mathematical expres- 
sion for the harmonic element as noted in the illustration below. 


Y = 2E((S 2 “ whe I 
Y ba (Sin x GROG Stn oy Cpu 


aes (cos x - 3 cos 3x + 5 COS 5X wee.) —190° ~—_—_ 
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When we apply a well-shaped Square Wave to the input of, for example, a wide band amplifier, we are, 

in effect, applying a large number of sine waves which must pass through the amplifier in the same 

phase relationship and with the same relative amplitude in order to "come out" of the amplifier the same 
- well-shaped Square Wave as was applied to the input of the amplifier. 


But to continue with the analysis of the Square Wave itself. 


Fig. 27 cannot of course begin to illustrate the practically infinite number of harmonics which consti- 
tute a Sharp Square Wave. But if one takes Line "Aj" of Fig. 27 and imagines the presence of in-phase 
harmonics as high as the 100th or 500th and if we understand that we are to ADD all components up, to 
locate the resuliant point on the Square Wave which is produced, we begin to see that a good Square Wave 
may start at fe Eyete at zero amplitude, BUT it builds up to MAXIMUM amplitude in a very small frac- 
tion of the 1/2 cycie (practicaliy instantaneously). 


This "build-up" from 10% above zero amplitude to 90% of Maximum amplitude is appropriately termed 
"RISE TIME" of the Square Wave and is an important factor in the composition of the Square Wave. 


1 of waveshape is 60 cps but if we look closely, we see that the fast rise of amplitude from zero 


maximum occurs in far less time than one sixtieth of a second and actually constitutes a relatively 


high frequency alternation. This leading edge ofa Square Wave which includes the duration of the Rise 


Time, is a sensitive indication of the high frequency characteristic of the circuit to be tested. 


we consider the time axis of Fig. 3 which illustrates a 60 cps Square Wave, we see that the BASIC al- 
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In Fig. 27 we see that the shape of the flat top por- FIG. 3 
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Square Wave top as illustrated in Fig. 4. On the 


other hand, in a theoretical case a reduct 
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plitude alone of the HIGH FREQUENCY components | = — 1.67 | | 
would have no noticeable effect on the flat top be- MICRO 
cause of the -"balancing- out" effect created by the | | SECONDS | 1 
multiplicity of alternations along the flat top as in- | | 

| 


We have already noted that short RISE TIME which 
occurs at the beginning of the 1/2 cycle is created 
by the in-phase sum of all the medium and high fre- 
quency Sine components. The same holds true for 
the rapid drop at the end of the 1/2 cycle from maxi- 
mum amplitude to zero amplitude at the 180° or 1/2 
cycle point. Therefore, a theoretical reduction in 
amplitude alone of the high frequency components 
should produce a rounding of the square corners at 
all four points of one Square Wave cycle. (See Fig. 


20, Page 18). | 


Thus far we have indicated that a useful Square Wave 
has fast Rise Time and well-squared proportions. 
Inasmuch as the Square Wave is to be observed ona 
"scope, it might be wise to interpret the appearance 
of a Square Wave at various fundamental frequencies. 
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If we first observe a 50,000 cps Square Wave 
directly on a wide-band 'scope, we will pro- 
bably notice a fairly sharp rise-time. (See 
Fig. 6). A 50,000 cps Square Wave has a 

20 Microseconds duration for ONE CYCLE. 
The Rise-Time in this case might be .05 
Microsecond or one four-hundredth of one 
cycle. On this basis, if we should decide to 
establish a ratio between Square Wave cycle 
and Rise-Time of 400 to one, we would find 
that a similarly shaped 80 cps Square Wave 
with the same relatively sharp Rise-Time 
would have a rise time of 31 Microseconds, 
a much longer rise time than .05 Microseconds, 
but perfectly usabie at an 80 cps fundamental 
Square Wave Frequency. 


It_ becomes evident that the value of Rise-Time 
cannot be quickly determined by the appearance 
alone of the waveshape on the ‘scope. A 60 cps 


Square Wave with a 15 Microsecond Rise- Time 
will BDReat to have shorter Rise- Time than a 


50,000 cps Square Wave with as 65 Microsecond 


Rise-Time - See Figs. 6 and 7.” 
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visible, wherein the Rise-Time of the 30 KC may 


show relatively bright and thereby 


much slower than it really is. 


At this point, it would be helpful to establish the 


relationship between Rise-Time and the amplifier 
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bandwidth eenuived to transmit the leading edge of 


the Square Wave: Any cyclic time duration per 


cycle can be converted to frequency in cps as 
follows: 


OR 


B. Time in Microseconds ___1 x 10 
for one cycle “ Frequency in CPS 
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PAGE 9 
If we substitute .05 Microseconds in the denominator of "A", Frequency becomes 
20 Megacycles. 
However, it is generally recognized that if we are dealing with the special case of 
Rise-Time of a Square Wave, the expression becomes: 
Feps = txio® = 1x10 = 10Me. 
2T 2x .05ys —_—— 
or a minimum Bandwidth of 10 Mc is required to satisfactorily transmit the leading 
edge of a Square Wave with .05 Microsecond Rise-Time. 
a rear 
It is significant to note that the Rise Time portion of the Square Wave determines the bandwidth re- 


quired to faithfully reproduce the Square Wave. Should one Square Wave be twice 
Time) will be required by both for accurate reproduction. 


The preceding discussion leads us to the conclusions that a good Square Wave can be faithfully trans- 
mitted through an amplifier or network only if the network does not selectively suppress the amplitude 
of a harmonic or harmonics; does not shift the relative PHASE of a harmonic or harmonics; and DOES 
have sufficiently wide AND linear bandwidth (in the case of an amplifier) to permit accurate reproduc- 
tion of the Rise Time portion of the cycle. 


Inasmuch as minor deviations from the above requirements result in distortion of the Square Wave, we 
are logically led into a discussion of the interpretation of Square Wave distortions and their significance. 


As an example, let us take a simple RC circuit energized by a Square Wave potential. 


If time duration of a cycle of the Square Wave is quite long as compared to the TIME CONSTANT (R in 
Megohms x C in Microfarads) of the RC network shown in Fig. 8, then we can say we are applying a re- 
latively LOW FREQUENCY Square Wave to the network. 


In such a case, the waveform across C would appear as E¢ in Fig, 8A and the waveform across R would 
appear as Ey in Fig. 8A. 
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If we consider the RC network as a simple filter, then we can analyze the rounded corners of E¢ in 

Fig. 8A as an indication of High Frequency component attenuation. In other words, the reactance of the 
capacitor at the higher component frequencies becomes lower, dividing DOWN the higher components. 
Conversely most of these higher components now appear across R, producing the excellent leading edge 
for Er, Fig. 8A. 


Now, if we change the frequency of the Square Wave such that the time duration of a cycle is relatively 
SMALL as compared to the RC time constant, then we can say that we are applying a HIGHER frequency 
Square Wave to the network. 


In such a case, the waveform across C might appear as E, in Fig. 8B. 


Continuing the filter analysis, Ec of Fig. 8B results from the fact that the relative reactance of C is low 
for all frequencies of the Square Wave inasmuch as we are applying a relatively High Frequency Square 
Wave to begin with. Therefore the voltage across C shows "poor" high and low frequency "response". 


Er of Fig. 8B indicates the divider action of the filter which produces relatively low reactance for the 
highs and lows and results in the appearance of these components across R. 


GENERAL SQUARE WAVE TESTING OF AMPLIFIERS 


Distortion can be classified into three distinct categories:- 


The first is FREQUENCY distortion and refers to the change from normal amplitude ofa 


component of a complex waveform. In other words, the introduction in an am- 


plifier circuit of resonant networks or selective filters created by combination 


of reactive components will create peaks or dip 


response curve. 


s in an otherwise flat frequency 


The second is NON-LINEAR distortion and refers to a change in waveshape produced by 
application of the waveshape to non linear components or elements such as 
vacuum tubes, an iron core transformer, and, in an extreme case, a deliberate 
non-linear circuit such asa clipper network 


The third is DELAY or PHASE distortion, which is distortion produced by a shift in phase 
between one or more components of a eormplex waveform. 


In the examples used up to this point, we discussed "amplitude" reduction of a particular component in 
a Square Wave as though it occurred independently of Phase distortion or was produced by a non-linear 
element. In actual practice however, a reduction in AMPLITUDE of a Square Wave component (sinu- 
soidal harmonic) is usually caused by a Frequency Selective network which includes capacity, induc- 
tance, or both. The presence of the C or L introduces a difference in phase angle between components 
creating PHASE distortion or Delay distortion, 


Therefore, in Square Wave testing of practical circuitry, we will usually find that the distorted Square 
Wave includes a COMBINATION of Amplitude AND Phase distortion clues, 


If we now proceed to the application of Square Waves to a typical wide band amplifier, we find that a 
Square Wave check accurately reveals many distortion characteristics of the circuit:- 


The response of an amplifier is indicated in Fig. 9 revealing poor low frequency response 
along with overcompensated high frequency boost. 


A 100 cps Square Wave applied to the input of this amplifier will appear as in Fig. 10A. 
This figure indicates satisfactory medium frequency response (approx. 1 KC to 2 KC) 
but shows poor low frequency response. 
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Next, a 1000 cps Square Wave applied to the input of this same amplifier will appear asin 
Fig- 10B. This figure displays good frequency response in the region of 1000 to 4000 cps 
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but clearly reveals the overcompensation at the highe'x 10 KC region by the sharp rise at 
the top of the leading edge of the Square Wave. 
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As a rule of thumb, it can be safely said that a Square Wave can be used to reveal response and phase 
relationships up to the 15th or 20th odd harmonic or up to approximately 40 times the fundamental of 
the Square Wave. Using this rule of thumb, it is seen that wide band circuitry will require at leasta 
two-frequency check to properly analyze the complete spectrum. In the case illustrated by Fig. 9, a 
100 cps Square Wave will encompass components up to about 4000 cps. To analyze above 4000 cps and 
beyond 10,000 cps, a 1000 cps Square Wave should be satisfactory. 


Now, the region between 100 cps and 4000 eps in Fig. 9 shows a rise from poor Low Frequency re- 


=44, AnKN 


sponse to a flattening out from between 1000 and 4000 cps. Therefore we can expect that the higher fre- 
quency components in the 100 cps Square Wave will be relatively normal in amplitude and phase but that 


the lower frequency components in this same Square Wave will be strongly modified by the poor Low 
Frequency response of this amplifier. See Fig. 10A. 


If the combination of elements in this amplifier were such as to only depress the Low Frequency com- 
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ponents in the Square Wave, a curve similiar to Fig. 4 would be obtained. However, reduction in ampli- 
tude of a component, as already noted, is usually caused by a reactive element causing, in turn, a phase 


shift of the component, producing the strong tilt of Fig. 10A. Fig. 30 on Page 19 reveais the graphical 


development of a similarly tilted Square Wave. The tilt seen to be CAuReS BY the Strong: TR UERES of 
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shown up by tilt in the Square Wave. 


Fig. 27 to Fig. 30 at the end of the book reveals a few of the various distortions in Square Wave shape 


which can be produced by modifving harmonic components either nhase-wise or in amplitude, 


Fig. 29 indicates the tilt in Square Wave shape produced by a 10° phase shift of a low frequency element 
in a leading direction, The tilting shape of the resultant wave results from the simple algebraic addi- 
tion of all components along a vertical line as has been previously noted in this discussion, 


Fig. 28 also indicates a 10° phase shift in a low frequency component in a lagging direction. The tilts 


are opposite in the two cases because of the difference in polarity of the phase angle in the two casesas 
can be checked through algebraic addition of components. 


Fig. 22 indicates low frequency components which have been reduced in amplitude and shifted in phase. 
It will be noted that these examples of low frequency distortion are characterized by changes in shape of 
the FLAT TOP portion of the Square Wave. 
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Fig. 10B previously discussed, revealed High Frequency "overshoot" produced by a rising amplifier re- 
sponse at the higher frequencies. It should again be noted that this overshoot makes itself evident at 
the top of the "leading" edge of the Square Wave. This characteristic relationship is explained by re- 
membering that in a normal well-shaped Square Wave, the sharp rise at "0" is created by the summa- 
tion of a practically infinite number of harmonic components rising in amplitude from "0". If an ab- 
normal rise in amplifier response occurs at High frequencies, the High Frequency components in the 
Square Wave will be amplified disproportionately greater than other components creating a higher al- 
gebraic sum along the leading edge. 


Fig. 11 indicates high frequency boost in an amplifier accompanied by a lightly damped "shock" tran- 
sient. The sinusoidal type of diminishing oscillation along the top of the Square Wave indicates a tran- 
sient oscillation ina relatively high "Q" network in the amplifier circuit. In this case, the sudden tran- 
sition in the Square Wave potential from a sharply rising relatively high frequency voltage to a level 
value of low frequency voltage supplies the energy for oscillation in the resonant network. If this net- 
work in the amplifier is reasonably heavily damped, then a single cycle transient oscillation may be 
produced as indicated in Fig. 12. 
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VIDEO AMPLIFIER TESTING 


A common application of the Square Wave Output of the E-310 is its use in the testing of TV Video am- 
plifiers. In actual operation, when amplifying picture information, the Video Amplifier must be capable 
of reproducing and amplifying rapid transitions from white to black and vice versa. These transitions 
are the equivalent of steep wave fronts and can be effectively simulated by substitution of a Square 
Wave Voltage. 


We have already noted that the Square Wave is quite sensitive to Time delay or Phase shift between 
components of a complex Wave. In the Video Amplifier, maintenance of a linear Phase Characteristic 
is quite important inasmuch as Phase distortion in the amplifier can cause certain picture elernents to 
arrive out-of-step time-wise creating detail interference or smear. 


The instrument setup for checking a Video Amplifier is as follows:- 


1. Set up the E-310 for 250 Ke Square Wave Output. Connect the "G" post to chassis and the High 
post to the grid of the lst Video Amplifier through a .01 mfd capacitor. 


2. Detune the front end or disable the local oscillator to prevent station information from interfering 
with the test waveform. 


3. Connect the Output of the Video Amplifier (input of the CR tube) directly to the Vertical plates 
of the 'Scope (UNLESS a wide-band ‘Scope such as PRECISION ES-550 is being used.. If an 
ES-550 is used, then the Output of the Video Amplifier may be connected to the "Scope’s am- 
plifier.) 
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4. Sync the ‘Scope to obtain a stationary pattern on 250 Ke 


5. A Square Wave pattern similar to Fig.13 indicates:- 


It must be borne in mind that a Square Wave test at 250 Kc is 
examining the characteristic of the amplifier from 250 Ke on 
UP and therefore indicates conditions at the Higher frequency 


Square Wave. 


A. "Ringing" or shock oscillation of one or 


more of the 


to compensate the Video Amplifier at 
the higher frequencies. 


B. Phase shift 


dicated by rounding off of the leading 
corner of the Square Wave, 


limit of the amplifier. 
indicates nothing concerning the Low Frequency end. 
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Therefore it becomes apparent that a two-frequency Square Wave test of Video Amplifiers becomes a 
minimum necessity:- 


One at 250 Ke which effectively reveals conditions from 
a ce 

its fundamental frequency on up to the high limit of the 
Video Amplifier, 


AND 
One at approximately 60 cps which discloses the Low 
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Frequency characteristic. 
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6. Next, to perform this Low Frequency Square Wave check, set the E-310 for Sine Wave Output at 
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sc cea = 
Set the "Output Level" and "Output" knobs to provide Output as will produce a 
the "Scope. 
5 t t 

Set the tuning dial to approximately 70 cps and set the two "Output" Controls to as low a value as 
will produce a sizeable pattern on the "Scope. 
NOTE: 70 cps is recommended instead of 60 cps in order to make 60 cycle 

visible as a wavy reaction and not as a tilt distortion which might oc 

tor were accurately set te 60 cycles 
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However, if the frequency range of the E-310 is 
gradually increased up to 20 Kc, a progressive 
rounding of the leading corner will be noted. 

The small-radius corner at 20 Ke (See Fig. 15 | 
is just as significant to the observer as the large- 

radius corner at 250 Ke (See Fig.13 ) if it is kept | 
in mind that compression or reduction of the ra- 

dius is a logical result of reducing the fundamental | 
frequency of the Square Wave such that progress- | 


ively higher frequency components are indicating 
the high frequency distortion, As the fundamental 
frequency of the Square Wave is reduced back down 
to 70 cps, the high frequency components which 
might conceivably affect the leading edge of the 
Square Wave are so high in order and therefore 


so insignificant in amplitude as to have negligible 


effect on the resultant Square Wave. | | 
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upper portion of the amplifier response spectrum, 
(Ten odd harmonics). 
But to go back to the 250 Ke Square Wave illustrated in of \ FIG. I6 
‘Fig. 13. The degree of lead-edge rounding appears to be 
quite larce however.a reference for comparison must he 
quite large; however, a reference for comparison must be 
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The sharp Rise Time of the Square Wave generated by the E-310 may induce ringing ina Video Ampli- 
fier (as observed on the Scope) where peaking coils are used to boost the high frequency response. The 
degree of ringing can be controlled by changing the value of the damping resistors across the peaking 


coils. It is mainly a matter of experience with particular TV sets as to what degree of ringing will 
cause deterioration of picture quality. The technician should attempt to arrive at a compromise between 
ringing and rounding of the leading edge of a Square Wave. 


To sum up the basic principles of Video Amplifier Square Wave Testing, it should be said that exper- 
ience in correlating Square Wave shape at particular fundamental frequencies with actual picture quali- 
ty will fortify the technician with a series of reference Square Wave shapes against which new Trouble 
Jobs can be compared. No generalized textbook discussions can substitute for this kind of experience 
in Square Wave Testing. 
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We have noted previously that the abrupt rise ofa Square Wave from zero amplitude to a maximum ina 


Ss es s uw si ae ae! ae, at 
fraction of a cycle is analagous bo Lhe transition of a Tv v raster line from dark to light. It becomes ob- 


vious ss the oe ofa a Aquaz< Wave of the DEOper frequency to the video amplifier will produce 


. aN 
The horizontal synchronizing pulses of a TV set is 15.750 KC. A Square Wave of 252 KC will there- \y 


fore produce 16 Vertical pairs of black and white lines? 
ae A 


: V 
By the same token, a satisfactory number of Horizontal black and white alternations or lines can be pro- 
duced by feeding a Square Wave at any desired multiple of 60 cps into the video amplifier. The E-310 


re a aye a A : . 1 - Pe TI: 1 a 5 re ra F Fs 
therefore supplies the two rasters required ior simplified linear ents. 


NOTE: Similar result will be obtained using sine wave output: the 
definition between black and white lines will be sharper with 
Square Wave as compared to the sine, however. 


xc * * * * * 1 


IN ALL CASES WHERE FAULTY OPERATION OF THE INSTRUMENT IS 
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COMPANY, INC., SHOULD FIRST BE CONSULTED. SHOULD THE SERVICE 


NEDARTRAENT RECOMMEND RETIIRDN OF TUE INSTDRDIIMENT TO Tunm 
DAG DAN 2 UVLEUIN DDR VLIVEIN NU IN OO LIN RUIN ae 


FACTORY, THE COMPLETE INSTRUMENT WITH ALL ITS CABLES pcan ( 


BE CAREFULLY PACKED IN A STRONG CORRUGATED SHIPPING C 


AND ADDRESSED TO:- 


| PRECISION APPARATUS COMPANY, INC. 


70-31 = 84th Street 


| 2th OLLoSe. 


Glendale 27, L. I1., N.: Y. 


the factory for repair, A COMPLETE description of faulty 


,_ ———————— ac Pe E1OM tapas é 
r accompany the instrument. The more details submitted to th 
Service Department of PRECISION, the more quickly and efficiently the instrument can be repaired and 


epartrmment Of PAIN; Le anda €rr1ic mL Ins Tr1eL 


returned. It is very important that this description ‘se faulty operation be described in unusually exact 
detail due to the fact that in many cases, faulty operation can be traced to difficulties in other items of 


test equipment and/or to improper analysis of results obtained. 
YOUR SERIES E-310 SINE-SQUARE WAVE GENERATOR IS A RELATIVELY CRITICAL AND DELICATE 


INSTRUMENT. DO NOT ATTEMPT ANY MAJOR REPAIRS OR ALIGNMENT BEFORE CONSULTING 
THE SERVICE DEPARTMENT OF PRECISION APPARATUS COMPANY, INC. 
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Correlates tilt of Square Wave after passage through uncompensated RC-coupled video or audio am- 
plifier with low-frequency response of amplifier and time constant of coupling circuit. 


By A. J. Baracket 
Dept. Head, TV: Federal Telecommunication Laboratories 


When using rectangular or Square Waves for testing audio and video amplifiers, the output of the am- 
plifier is compared with the input onan Oscilloscope. The degree or percent of tilt of the top of the 
Square Wave represents the amplifier’s deterioration of the lower frequencies. 


In the uncompensated RC-coupled amplifier stage shown, the effect of the amplifier on low frequencies 
is almost completely a function of the value of the RC time constant in the grid coupling circuit. The 
smaller the time constant, the poorer the low-frequency response and consequently the greater the per- 
cent tilt "S" of a rectangular wave (referred to the peak voltage value "E" as indicated on the waveform 
diagram). 


The accompanying nomograph is 

TILT"IN % useful in computing the RC value 

' required to give a maximum 
specified Tilt "S" (expressed as 
a decimal part of "E") for a rec- 
tangular wave having a duration 
"Tor, conversely, it may be 
used to determine the tilt that 
will be obtained from a given 
time constant. The chart also 
gives the relationship between 
tilt and low-frequency cutoff of 
an amplifier coupling circuit (the 
frequency Flat which the ampli- 
tude-frequency response char- 
acteristic is down 3 DB). 


1 IN 4 SEC RC IN OHM-,af ft IN CPS 
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Example of Use 


The percent tilt of an uncompen- 
sated video amplifier stage is 
specified as 2 percent maximum 
on a 60-cycle Square Wave. What 
will be the required time con- 
stant of the coupling circuit and 
the corresponding low cutoff fre- 
quency? 
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By means of a straightedge, con- 
nect the 2 percent point on the 
tilt scale with the 8,300 usec 
point (corresponding to the half- 
cycle duration of a 60-cycle 
Square Wave) on the "T" scale. 
The straightedge will cross the 
RC scale at approximately 
410,000 ohm-uf. The correspond- 
ing low cutoff frequency FI is 
found to be 0.4 cycle. 
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Reprinted from ELECTRONICS, August 1947 
Copyrighted (all rights reserved) by McGraw Hill Pub. Co. 
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THe THREE Square Wave PATTERNS tN A, B, C ABOVE INDICATE A DAMPED RESONANT ELEMENT tN THE CIRCUIT 
OR AMPLIFIER UNDER TEST. 


THE SHORT TIME DURATION OF THE DAMPED OSCILLATION INFIG.A '[NDICATES THAT THE FUNDAMENTAL FRE- 
QUENCY OF THE SQUARE WAVE 1S APPROXIMATELY 1/10 THAT OF THE DAMPED OSCILLATION. (T, APPROX. = «IxTo) . 


Fie, B ts A Square WAVE SHAPE OBTAINED BY APPLYING A HIGHER FREQUENCY SQuare WAVE TO THE SAME CIRCUIT 
OR AMPLIFIER REPRESENTED BY Fic. A. THE LONGER TIME DURATION OF THE DAMPED OSCILLATION INDICATES 
THAT !N THIS CASE THE FUNDAMENTAL OF THE SQUARE WAVE !S CLOSER TO THAT OF THE DAMPED OSCILLATION AS 
COMPARED TO Fic. A. 


IN THIS CASE THE FUNDAMENTAL FREQUENCY OF THE SQUARE WAVE 1S APPROXIMATELY I/2 THAT OF THE DAMPED 
OSCittarion., (Ty, APPROX. = .5xTo). 


Fig. C ABOVE INDICATES THE WAVE-FORM PATTERN WHEN THE FUNDAMENTAL FREQUENCY OF THE SQUARE WAVE EQUALS 
THAT OF THE DAMPED OSCILLATION. 


FREQUENCY DIsTORTIONy (AMPLITUDE 
REDUCTION OF LOW FREQUENCY Com- 
PONENT)~NO PHASE SHIFT. 


Low FREQUENCY BOOST (ACCENTUATED 
FUNDAMENTAL). 
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FIG 2l 


FIG 23 


HIGH FREQUENCY LOSS AND Low FRE- 
QUENCY PHASE SHIFT. 
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Low FREQUENCY PHASE SH'FT, (TRACE 
THICKENED BY HUM-VOLTAGE), 


| FIG 24 
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